Background: an increased mortality rate among patients admitted to hospital at weekends has been found in many studies, and this 'weekend effect' has been used to justify major health service reorganisation. Most studies have used routine administrative data to adjust for potential confounding factors, and are unable to measure differences in illness severity due to the tendency of patients with milder symptoms to stay home at weekends. We set out to estimate the importance of such unmeasured 'confounding by severity', using data from a hospital stroke register. Methods: all suspected acute stroke admissions in Gateshead were prospectively registered over a period of 14.3 years, including information on premorbid factors, measures of stroke severity and survival to hospital discharge. We examined whether each factor differed between weekday and weekend admissions, then used logistic regression to estimate the main contributors to variation in mortality rates. Results: stroke severity, measured by the Scandinavian Stroke Scale (SSS), was significantly greater among weekend admissions and strongly associated with mortality, and after adjustment for SSS score in logistic regression, the weekend effect completely disappeared. By contrast, most indicators of pre-stroke function, comorbidity or stroke type did not differ between weekday and weekend admissions, although some of them had prognostic significance. Conclusions: the sorts of factors measurable in administrative databases only account for a small part of the prognostically important differences in case-mix between weekday and weekend stroke admissions. While increasing weekend staffing might improve adherence to care standards, evidence that it could save lives is unreliable.
Background
Studies in several countries have shown that patients admitted to hospital at weekends have a consistently increased risk of dying compared with those admitted on weekdays [1] . In England and Wales, this 'weekend effect' has been used to justify strong political and management pressure to move towards a 'Seven-day NHS', with contracts designed to minimise differences between weekends and weekdays in levels of staffing and resources available.
Controversy has centred on two large studies, which have been extensively quoted in the lay media. One of these [2, 3] involved nearly 16 M unselected admissions to English hospitals and 290,000 deaths, while the other [4] analysed 93,621 acute stroke admissions with 8,722 deaths. Both relied on routine administrative data to adjust for potential factors confounding the relationship between day of admission and mortality risk. These included age, sex, diagnosis, comorbidities, deprivation, planned or emergency admission, number of previous admissions and stroke type, but they had no direct measure of illness severity. Thus, they were unable to allow for the likely tendency of patients with milder symptoms to wait until after the weekend before seeking help. These milder cases are more likely to be admitted to hospital on normal working days, thus diluting the average severity of weekday compared with weekend admissions.
To estimate the possible size of this effect, various measures of stroke severity, other prognostic factors and inhospital death rates were compared for patients admitted to hospital with suspected stroke on weekdays and weekends, using data from the Gateshead Hospital Stroke Register [5] . The prognostic indicators included conscious level on admission (the single strongest predictor of early death after stroke [6] ), the Scandinavian Stroke Scale (SSS) [7] and the 'simple 6-variable' (S6V) prognostic score [8] , used in a large Scottish study investigating the weekend effect for stroke admissions [9] .
Methods
From January 1997 to April 2011, a prospective register was kept of all acute stroke admissions to Queen Elizabeth Hospital, Gateshead, and used for both clinical management and research [5] . Multiple sources of ascertainment were used and all potential acute stroke cases were registered, although some were subsequently reclassified as transient ischaemic attacks (TIAs), using the traditional 24-hour cut-off for complete resolution, 'uncertain' (probably not stroke) or 'other' (definitely not stroke).
Conscious level on admission was assessed on a fourpoint scale (alert/drowsy/stupor/coma) and the SSS, ranging from 0 (most severe) to 58 (minimal deficit) was used to measure initial neurological impairment. A combination of age, living alone, previous independence in activities of daily living and ability to lift both arms, talk and walk on admission was used to calculate the S6V score, higher values indicating better prognosis. Survival versus death in hospital was the only outcome analysed in this study.
Results
During 14.3 years, 7,247 acute admissions were registered, including information on the day of admission and whether they were discharged alive. A stroke was confirmed in 5,877 (81%), 746 (10%) turned out to have TIAs and in 624 (9%) of cases the final diagnosis was either 'non-stroke' or 'uncertain'. In-hospital fatality rates were 18.6% for those with strokes and 4.5% for the remaining cases.
There were 5,618 weekday admissions, among whom 869 (15.5%) died in hospital and 1,629 were admitted at weekends, among whom 285 (17.5%) died, giving an unadjusted odds ratio (OR) of 1.16 (95% confidence interval (CI): 1.0-1.34, P = 0.049). Simply adjusting for the greater proportion of TIAs and stroke mimics among the weekday cases reduced the OR to 1.12 (95% CI: 0.96-1.3, P = 0.14).
Initial conscious level was reduced in 12.9% of weekday and 15.1% of weekend admissions (P < 0.02). An SSS score was measured in 77.5% of weekday and 74.4% of weekend admissions. The mean SSS score on admission was 42.3 on weekdays, compared with 40.8 at weekends (F = 9.7, P = 0.002). Table 1 compares various measures of stroke severity and other factors between weekday and weekend admissions. To compare their relative strengths of association, the SSS and S6V scores are divided into quartiles and ORs are shown for the highest and lowest categories. The two right hand columns show the percentage dying in hospital within each category and the associated ORs.
Conscious level and SSS score showed the most steeply graded associations with weekend admission and were also the most powerful prognostic factors. Apart from walking ability, none of the indicators of pre-stroke function, comorbidities or stroke type differed significantly between weekday and weekend admissions although some of them were important prognostic factors. Table 2 shows the results of logistic regression with survival to hospital discharge as the dependent variable. The relative contribution of each explanatory variable to outcome variation can be gauged from the Wald statistics. Conscious level alone accounts for a large share of mortality variation (top panel) though when the SSS is used to measure stroke severity, it accounts for an even greater share (middle panel). The final diagnosis (stroke versus TIA/other) also makes a significant contribution, but after adjusting for these factors, the weekend effect on hospital mortality is no longer significant (and slightly negative after accounting for differences in SSS).
The bottom panel of Table 2 shows the same analysis limited to those with a final diagnosis of stroke. Again, the SSS score accounts for most of the variation, and the weekend effect is insignificant.
Discussion
The weekend effect is now accepted as fact in many countries. Lilford and Chen [1] cited systematic reviews including at least 105 studies, most of which indicated an increased mortality rate among patients admitted at weekends, often after adjusting for case-mix differences. Some studies of unselected hospital admissions have been very large and thus able to adjust for multiple factors using sophisticated modelling techniques [1, 2, 10, 11] , but they rely on routine administrative data to define the case-mix. According to Freemantle et al. [2] , acute cerebrovascular disease is the biggest single contributor to the excess of weekend deaths, so it is important to test how much of the variation in stroke mortality their models are able to explain.
Much of this variation depends on accurate diagnosis, and previous analysis of Gateshead data has shown that Hospital Episode Statistics (HES) coding often does not distinguish reliably between strokes, TIAs and stroke mimics [5] . People with TIAs and certain types of mimics are less likely to be admitted at weekends, and this difference alone accounted for much of the weekend mortality difference in this study. HES data may not accurately define stroke type either, but the proportion of haemorrhagic strokes did not differ between weekdays and weekends.
Stroke severity cannot be estimated from HES data in the UK, but it can be efficiently measured by neurological assessments such as the SSS, and it accounts for a far Weekend effect for stroke admissions greater share of fatality variation than any other factor. When it was taken into account in this study, the weekend effect completely disappeared.
Other large studies of stroke admissions have included additional clinical and service use data, and implied that the weekend effect might be partly due to reduced staffing and adherence to care guidelines at weekends [4, 9] . This may be correct, but it can only be demonstrated once all important differences in case-mix have been accounted for. This was clearly not the case for the study of Palmer et al. [4] , whose only measure of severity was stroke type; yet the authors made the contentious claim in their abstract that 'findings suggest that approximately 350 in-hospital deaths each year … are potentially avoidable … if the performance seen on weekdays was replicated on weekends' [4] .
Case-mix adjustment was more efficient in the Scottish stroke admissions study [9] , as it included the S6V prognostic score. Three of the six variables are indicators of stroke 
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severity but the other three were not found to be important confounding factors in this study. While this was undergoing peer review, two more large UK stroke studies were published [A1, A2], contributing further evidence that the weekend effect may be an artefact of administrative data collection (see Supplementary data, Appendix, available in Age and Ageing online). Some large studies based on administrative data claim to have shown that the weekend mortality effect persists after correction for illness severity [2] . This study shows that, at least in the case of stroke, this is not so. The confounding effects of the sort of indicators of comorbidity and premorbid status, available in HES data sets, were trivial compared to that of stroke severity, measured in a way that cannot be done using routine administrative data. Indeed, most of the mortality variation 'explained' by models such as those of Freemantle et al. lies in the differences between planned and emergency admissions, whose relative frequencies clearly differ between weekdays and weekends [2, 3, 12] .
To dispute the validity of the evidence for the weekend effect is not to claim that differences in staffing and facilities available at weekends are unimportant. All hospitals should strive to meet agreed quality standards for stroke care, even if these might not necessarily have much effect on mortality rates (particularly those concerning thrombolysis [13] ). To demonstrate such an effect with confidence requires large randomised trials, and even then the sorts of effect sizes claimed for non-randomised comparisons are rarely seen.
Despite the protests of journal editors and others [14, 15] , some of the most contentious recent statements made by politicians about 'numbers of lives lost' have been direct quotations from scientific papers [3, 4] , and the inference that excess deaths might be preventable with better care is understandable. Thus, researchers should make greater efforts to remove confounding and other biases from nonrandomised studies, however large, before making sweeping statements about the implications of their findings.
Key points
• Most studies of the 'weekend effect' have used routine administrative data to adjust for potential confounding factors.
• Differences in illness severity due to the tendency of patients with milder symptoms to stay home at weekends may be unmeasured.
• Adjusting for greater neurological severity in weekend admissions completely abolished the weekend mortality effect for stroke.
• Factors measurable from administrative data may only capture a small part of the important differences in weekend case-mix.
• Researchers should take greater care before making politically sensitive claims based on non-randomised comparisons.
Supplementary data
Supplementary data mentioned in the text are available to subscribers in Age and Ageing online.
